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Abstract Computer-assisted orthopedic surgery (CAOS)
for total knee arthroplasty is an emerging surgical tool, yet
little is known about how it is being used in everyday
orthopedic centers. We sought to better understand physi-
cians’ current practices and beliefs on this topic through
performing a Web-based survey. Between December 2006
and January 2007, a 24-question survey was emailed to
3,330 members of the European Society of Sports Trau-
matology Knee Surgery and Arthroscopy (ESSKA) and the
Swiss Orthopedic Society (SGO-SSO), with 389 (11.7%)
agreeing to participate. Of this group, 202 (51.9%) reported
that their center was equipped with a navigation system,
which was an image-free based system for most (83.2%)
and was primarily used for total knee arthroplasty (61.4%).
In terms of the proportion of use, 50.5% of respondents
used their navigation system in less than 25% of cases,
16.3% in 25–50% of cases, 7.4% in 51–75% of cases, and
25.7% in more than 75% of cases. The potential for
improving the alignment of prosthesis was the most
strongly cited reason for using a navigation system, while
the potential for increasing operation times and the risk of
infections were the most strongly cited reasons for not
using a navigation system. Approximately half of respon-
dents surveyed believed navigation systems were a real
innovation contributing to the improvement of total knee
implantation. However, heavy usage of computer-assisted
navigation (C51% of cases) was observed in only 33.1% of
respondents, with only a quarter using it at rates that could
be considered frequent ([75% of cases). Forty-eight per-
cent of respondents said they will use a navigation system
in more cases and 39.1% that their usage will stay the
same. These findings indicate that CAOS is being used
only moderately in current practices, though respondents
generally had a positive opinion of its potential benefits.
Physicians may be awaiting more data before adopting the
use of these systems, though survey responses also suggest
a projected increase in their use in the coming years.
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Introduction
Computer-assisted surgery first emerged as a clinical
option in the late 1980s, when it was developed to assist
neurosurgeons. Approximately a decade later, ongoing
research efforts led to the development of several novel
computer-assisted systems for a variety of different clinical
areas, including the advent of computer-assisted orthopedic
surgery (CAOS), which was primarily designed to improve
the surgical treatment of orthopedic trauma and total joint
arthroplasty [1].
CAOS provides physicians with patient-specific imaging
data in the hopes of enhancing intra-operative guidance.
Whether image-free-, fluoroscopy-, or CT-based in design,
CAOS allows the surgical team to follow the changing
position of both patients and relevant surgical instruments
on computer monitors throughout the procedure.
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As the development of these systems has been refined
over the years, they have gone from being relatively
autonomous systems requiring little oversight to being
highly dependent on the direct involvement of the surgeon
[2]. In turn, these systems have presented new challenges to
practicing orthopedic surgeons. Despite the considerable
amount of attention CAOS has gained in recent years, with
national orthopedic meetings often playing host to the pre-
sentation of new computer-assisted data and demonstrations
of novel systems, these surgeons have not been as enthusi-
astic to adopt these navigational tools within their own
centers. It is thought that their hesitancy is partly due to
concerns over the cost (in both time and money) and ease of
applying these navigational systems, although the lack of
long-term data to support their proposed superiority over
conventional methods is surely another major source of
apprehension [1]. For these and other reasons, the use of
CAOS for total knee prosthesis implantation has generated a
substantial level of debate within the orthopedic commu-
nity, with arguments for and against the use of these systems
both easily found within the literature and elsewhere.
Opponents of CAOS often point to what they perceive
as a lack of compelling data to support its use. A recently
published meta-analysis surveyed 33 studies comparing
navigated with conventional total knee arthroplasty (TKA)
in 3,423 patients and found no evidence that CAOS
improved the mean deviance from the mechanical limb
axis when compared with conventional TKA [3]. Others
have pointed out that even in studies in which employing
CAOS for TKAs has improved the precision and accuracy
of knee alignment, the skilled surgeons behind these pro-
cedures have experienced a steep learning curve and
potentially prohibitive costs [4]. Many also cite the
increased operative times commonly associated with
CAOS as an additional deterrent to their use. A multi-
center study found that patients undergoing TKA with
three different navigational systems had a statistically
significant increase of 16.7 min in surgical time when
compared with those undergoing surgery with manual
instrumentation [5].
A common argument among proponents, on the other
hand, is that the increased risk of TKA failure associated
with postoperative misalignment/malposition is significant
enough to outweigh these potential limitations. Although it
is estimated that approximately 90% or more of implants
survive 10–15 years after surgery [6], component mis-
alignment/malposition is thought to account for a
substantial proportion of the TKAs that fail in both the
early and late postoperative years [6, 7]. Even minor
malpositioning/misalignment can result in early loosening,
increased polyethylene wear, and decreased function [8],
and existing mechanical instrumentation has been shown to
result in a low rate of accuracy, thus increasing the odds of
these complications occurring [9]. As these complications
can be mitigated substantially by enhancing surgical pre-
cision, proponents have looked to the positive results [5,
10–16] observed with several CAOS systems as the means
with which to avoid unnecessary implant failures. Ana-
lyzing a small cohort of patients (28 knees) undergoing
unicompartmental knee arthroplasty, a team of United
Kingdom-based researchers reported that all patients
operated using a novel hands-on robot assistant achieved
tibiofemoral alignment in the coronal plane within 2 of the
planned position, compared with only 40% of those oper-
ated using conventional methods [14]. The authors behind
the study hypothesized that their use of a post-operative CT
protocol allowed for a more precise recording of implant
positioning than afforded to similar studies employing
radiological measurements.
The same multi-center trial that discovered a 16.7 min
increase in surgical time for CAOS also found that a normal
femorotibial axis was achieved in 48.1% of CAOS cases
compared with 30% for conventional methods, while a varus
axis occurred in 42.2% of manual cases compared with
26.9% for CAOS [5]. Notably, all the three navigation sys-
tems studied in this trial provided statistically similar results.
Although the increased surgical time associated with
CAOS remains a concern, the gap between these systems
and conventional methods is lessening [2]. Additionally,
the learning curve associated with CAOS in the community
hospital setting has been observed to be no longer than
conventional TKA methods [16]. Cost analysis projections
based on short-term data also indicate that, compared with
conventional TKA, computer-navigated approaches would
be more cost effective in the long term by reducing the rate
of revisions and complications [8].
The relatively short time period since which patients
have undergone TKAs with the assistance of computerized
navigation inevitably means that it will be some time
before high-quality long-term results are available to
address these open questions. It is possible, however, to
address another pertinent aspect of this topic of which little
is currently known: the practices and beliefs of everyday
orthopedic surgeons with regard to the use of CAOS for
knee prosthesis implantation. To do so, a Web survey was
sent to members of both the European Society of Sports
Traumatology Knee Surgery and Arthroscopy (ESSKA)
and the Swiss Orthopedic Society (SGO-SSO). The
objectives of this study were to explore the installation of
navigation systems as it relates to the years a respondent
has been in practice, the setting of their practice, and the
number of TKAs they perform annually; to better under-
stand the situations in which CAOS is used; to clarify the
basic reasons for using or not using CAOS; and to obtain
an improved understanding of the global attitude towards
navigation systems in general.
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Materials and methods
Between December 2006 and January 2007, a 24-question
Web survey was emailed to a variety of physicians
potentially involved in performing TKAs via CAOS. All
invitees were members of ESSKA and/or SGO-SSO. Swiss
physicians were invited to participate through an email
from N. Friederich, with the remaining international sur-
geons invited to participate through an email from
R. Verdonk.
The survey was conducted by ISMAR Healthcare
(Belgium) using the European Society for Opinion and
Marketing Research’s guidelines (‘‘Conducting Market and
Opinion Research Using the Internet’’) [17].
Frequency calculations were performed for all categor-
ical questions. In a series comprising questions 11–20 of
the survey, respondents whose centers were equipped with
CAOS were presented with a series of potential motives for
why they are mostly using or mostly not using these nav-
igation systems. They were asked to rate these various
motives on a Likert scale of 1–9, with 1 meaning ‘‘not true
at all,’’ 5 meaning ‘‘do not know,’’ and 9 meaning ‘‘very
much true’’. Mean/median calculations were then per-
formed for all questions using Likert scales (1–9).
Results
Email invitations were sent out to 3,330 surgeons, of which
2,804 (84.4%) were deliverable. From this group, 389
(11.7%) agreed to participate (Fig. 1).
Demographics
The largest percentage of respondents practiced in Swit-
zerland (20.6%), followed by Belgium (10.8%), Germany
(9.8%), the United Kingdom (6.7%), the United States
(5.7%), and the Netherlands (5.1%, Fig. 2).
Eight percent of respondents had been in practice
for [30 years, 23.4% between 21 and 30 years, 56.3%
between 6 and 20 years, and 12.3% between 1 and 5 years.
An academic/teaching hospital was the main practice
setting for 48.6% of respondents, private orthopedic center
for 27%, non-academic/general hospital for 22.6%, and
‘‘other’’ for 1.8%.
Annually, total knee prosthesis was performed more
than 100 times by 21.3% of respondents, between 51 and
100 times by 28.5%, between 10 and 50 times by 40.1%,
and less than 10 times by 10%.
Current use of navigation systems
Of the 389 total respondents, 202 (51.9%) reported that
their center was equipped with a navigation system.
Demographic findings for these respondents are provided
in Fig. 3a, d.
Of this group of 202, 83.2% employed an image-free
based navigation system in their center, 5.9% a fluoros-
copy-based system, 4% a CT-based system, and 6.9%
identified themselves as using a system categorized as
‘‘other’’.
When asked in which situations they use the navigation
systems, 61.4% said for TKA, 49% in case of major axial
deviations, 28.7% in case of minimal axial deviations,
23.8% in case of minimally invasive surgery, 22.8% in case
of uni-compartmental arthroplasty, 14% for other situa-
tions, 11% never use the systems, and 2% always use the
systems.
When asked whether they only use a navigation system
during operation days with a small operation list, 40.1%
responded that they fully disagree, 25.7% that they more or
less agree, 14.9% that they more or less disagree, 12.4%
that they fully agree, and 6.9% said they had no opinion.
In terms of proportion of use, 50.5% of respondents used
CAOS in less than 25% of cases, 16.3% in between 25 and
50% of cases, 7.4% in 51–75% of cases, and 25.7% in
more than 75% of cases. Further detail on how the pro-
portion of use corresponds with the preceding two survey
questions are provided in Fig. 4a, b.
Current global attitudes towards navigation systems
Mean and median results for the series of questions
inquiring why respondents are mostly using (n = 67) or
mostly not using (n = 135) navigation systems are pro-
vided in Figs. 5 and 6, respectively. In short, the potential
for improving the alignment of a prosthesis was the most
strongly cited reason for using a navigation system (8.3
mean Likert score), while the potential for increasingFig. 1 Design of email survey delivery
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operation times and the risk of infections was the most
strongly cited reason for not using a navigation system
(5.8 mean Likert score).
Those who currently had navigation systems at their
centers were asked for the statement that best described
their general feeling towards them. Of the 202 respondents,
Fig. 2 Countries in which
respondents practiced
Fig. 3 Demographic characteristics of respondents reporting a navigation system at their center
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Fig. 4 Proportion of use based
on situations in which
navigation is used (a) and the
use of a navigation system
during operation days with a
small operation list (b)
Fig. 5 Likert scale data for the cohort of heavy users (C 51% of
cases) on why they are (mostly) using a navigation system
Fig. 6 Likert scale data for the cohort of infrequent users (\25% of
cases) on why they are (mostly) not using a navigation system
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50.5% said it was ‘‘a real innovation contributing to
improvement of total knee implantation’’, 29.7% said that
it was a ‘‘nice tool, but its value is limited’’, 16.8% said ‘‘its
value still needs to be shown and is not visible today’’, and
3% said it’s ‘‘fancy marketing’’. None of the respondents
answered ‘‘no opinion’’.
Potential future use of navigation systems
When these 202 respondents were asked what they expect
to occur in the near future, 48% said they will use a
navigation system in more cases, 39.1% that their usage of
the navigation system will stay the same, 6.9% said they
will use a navigation system in less cases, and 5.9% did not
have an opinion.
The 187 respondents who currently did not have navi-
gation systems at their centers were asked if their centers
were considering acquiring one. Of this group, 44.4% said
no, 37.4% said yes, and 18.2% were not sure.
Discussion
Computer-assisted navigation for TKA has gained con-
siderable attention since its initial development in the late
1990s but little is known about how it is being used in
everyday orthopedic centers. We sought to better under-
stand physicians’ current practices and beliefs on this topic
through the development of a Web-based survey.
Our study is limited by the sample we employed,
making it difficult to draw any specific conclusions
regarding international CAOS use. A potential response
bias was created by the overrepresentation of physicians
from Switzerland (20.6% of respondents) and Belgium
(10.8%), as well as those practicing within an academic/
teaching hospital setting (48.6%). In particular, the over-
representation of academic centers may have in turn
contributed to an overestimation of the penetration of
navigation systems, which stood at 51.9% in our study.
Additionally, our study is limited by the small sample size
of respondents we drew from, particularly those who used
navigation systems in more than 50% of patients (33.1%),
which precludes the full comparison of subgroups within
the study. Although these limitations do impair our ability
to provide a comprehensive analysis, the current study does
offer several initial insights into the use of CAOS in TKA
that may provide a valuable context with which to view
data from similar future analyses.
Even though the penetration of these systems may be
overestimated, CAOS does appear to have a moderate
presence in contemporary orthopedic settings. Approxi-
mately half of the global respondents (51.9%) reported that
their centers are equipped with navigation systems, of
which image-free based systems accounted for an over-
whelming majority (83.2%).
As was to be expected with the aforementioned limita-
tions in the study population, Swiss respondents and those
practicing in academic centers reported the highest pene-
tration of navigation systems (65% and 62%, respectively).
Predictably, larger volume practices were more likely to
employ a navigation system, with those performing more
than 50 TKAs annually (n = 194) reporting a 60% pene-
tration of CAOS in their centers, compared with 44% for
those performing less than 50 TKAs annually (n = 195).
The number of years a physician was in practice, however,
had no significant impact on whether their center was
equipped with a CAOS.
The actual use of these navigation systems when
present was lower than perhaps could have been expected
given the overall positive opinion respondents had towards
these systems. Just over half of the respondents with
CAOS at their centers (50.5%) said that they believe
these systems to be ‘‘a real innovation contributing to
improvement of total knee implantation’’. It could be
presumed that this positive opinion would translate into a
somewhat equivalent proportion of usage. However, what
could be defined as heavy usage (C51% of cases) was
observed in only 33.1% of respondents, with only a
quarter of respondents using it at rates that could be
considered frequent ([75% of cases).
Heavy users employed CAOS primarily for TKA (94%),
followed by cases of major (49%) and minimal axial
deviations (45%). According to Likert scale analysis, their
most strongly cited reasons for CAOS use were their belief
that it improves alignment of the prosthesis, enhances
learning and education, and improves clinical outcomes.
A significant majority of respondents (66.8%) can be
considered low proportion users of CAOS (\50% of cases).
Just over half (50.5%) use navigation at a rate that can be
considered infrequent (\25% of cases), with 22% of these
users claiming to never use navigation at all. When infre-
quent users employ CAOS, they do so in a wide variety of
manners, though primarily in cases of major axial devia-
tions (44%) or for TKA (42%). Low proportion users are
more likely to only use navigation systems on days without
a large operation list (34.8% more or less agreed with this
statement; 18.5% fully agreed). Though unlikely to believe
that CAOS has no effect on learning or education (2.9
mean Likert score) or on improving prosthesis alignment
(3.1), their doubt surrounding these systems increases when
asked if they do not improve clinical outcomes (5) or if
they increase operation time and the risk of infections (5.8).
However, as the Likert scores on these last two measures
attest, their level of doubt is somewhat insignificant.
Perhaps a more reasonable conclusion regarding the
relatively low rate of CAOS use among respondents is that
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their reluctance is primarily a response to the perceived
lack of quality data to support it. When asked for their
general feelings regarding navigation systems, 29.7% of
respondents with systems at their centers said it was a
‘‘nice tool, but its value was limited’’ and 16.8% said ‘‘its
value still needs to be shown and is not visible today’’. This
could be a reflection of studies that question the superiority
of CAOS, such as a recent meta-analysis that found little
significant benefit when these systems were compared with
conventional methods for TKA [3]. In this analysis, navi-
gation-assisted surgery only reduced the risk of 3 of
malalignment by 25%, avoiding unfavorable component
positioning in 1 out of 5 patients. Though this meta-anal-
ysis was potentially limited by the use of the mechanical
axis as a marker of alignment and the general lack of
methodological standards among the studies chosen, it is
nonetheless indicative of the clinical doubts surrounding
the use of CAOS for TKA.
Another criticism often directed at CAOS for TKA is
that its use is driven by marketing efforts from device
companies, which in turn may be reflected in increased
patient demand. Interestingly, we found that only a
minority of respondents (3%) believed navigation systems
were simply the result of ‘‘fancy marketing’’. Additionally,
patient demands/expectations were the least strongly cited
reason for employing CAOS among heavy users.
Although some question whether large variations in
implant alignment necessarily translate into an increased
failure rate at mid- and long-term follow-up points [4], it is
generally accepted that proper implant positioning con-
tributes significantly to the success of TKA [18]. Several
studies have reported positive initial results regarding
implant position [5, 10–16] and other clinical endpoints,
such as reductions in blood loss [15, 19] and emboli [20],
when CAOS is compared with conventional methods of
TKA. Recently, encouraging results have also been
observed when CAOS is used for performing revision
TKA’s [21]. As we are in the early stages of popular use of
CAOS, data are unavailable to shed light on whether these
improvements will yield long-term benefits in clinical
outcomes.
As physician experience with these systems increases,
so too will the quality of the long-term outcomes data we
will have with their use, which in turn will give clinicians
the means to make more informed choices regarding
CAOS. In our cohort of surgeons, 37.4% said their center is
considering acquiring such a system. Additionally, 48% of
respondents who currently have navigation systems at their
centers said they expect to employ it in more cases in the
near future.
Continued monitoring of physician beliefs and experi-
ences with these systems will give us a better perspective
of their ‘‘real world’’ applicability as we await long-term
clinical data. Surveys of the nature conducted here, though
larger in scale to facilitate enhanced data procurement, are
warranted.
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